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ATTENUATED OPTICAL SPLITTER 
MODULE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to passive optical 
devices used in optical telecommunication systems, and par 
ticularly to optical splitters modules. 

2. Technical Background 
One of the current trends in telecommunications is the use 

of optical ?bers in place of the more conventional transmis 
sion media. One advantage of optical ?bers is their larger 
available bandwidth handling ability that provides the capa 
bility to convey larger quantities of information for a substan 
tial number of subscribers via a media of considerably 
smaller siZe. Further, because lightwaves are shorter than 
microwaves, for example, a considerable reduction in com 
ponent siZe is possible. As a result, a reduction in material, 
manufacturing, and packaging costs is achieved. Moreover, 
optical ?bers do not emit electromagnetic or radio frequency 
radiation of any consequence and, hence, have negligible 
impact on the surrounding environment. As an additional 
advantage, optical ?bers are much less sensitive to extraneous 
radio frequency emissions from surrounding devices and sys 
tems. 

With the advent of optical ?ber networks, ?exible switch 
ing devices are needed to direct light signals between ?bers in 
an all-optical domain ?ber network. An optical splitter is a 
type of optical switching device that takes an incoming opti 
cal signal and splits it between two or more outputs. The 
number of splits depends on the particular application. 
Because the signal is split into two or more signals, the splitter 
is also an attenuator whose attenuation is proportional to the 
number of splits. Optical splitters, also referred to as “splitter 
modules” because of their modular construction, have a num 
ber of shortcomings that, if improved upon, would result in a 
more robust splitter module for certain applications. 
One splitter module shortcoming involves the need to use 

external attenuators for certain applications. For FTTx sys 
tems with link budgets designed for a particular number of 
splits, a reduced number of splits may be required, but with 
the same attenuation. For example, for a splitter module hav 
ing a splitter chip designed for 1x32 splits (15-17 dB IL), a 
1x4 splitter chip may be needed, where each of the 4 splitter 
output ports serves electronics that connect eight customers 
in a multi-dwelling unit (MDU) (the 1x4 optical split still 
serves thirty-two customers). The optical power required by 
the receiving electronics, however, may still be in the 15-17 
dB range, while the 1x4 splitter module delivers 6-8 dB. of 
optical power. This necessitates attenuation of the splitter 
output from 6-8 dB to 15-17 dB. This is typically accom 
plished using an attenuator external to the splitter. However, 
this adds complexity and expense to the splitter system and 
also makes it less compact. 

Another shortcoming is that present-day splitter modules 
consist of separate parts: a standard splitter unit (that includes 
a ?ber array, a splitter chip, and a ferrule) and external con 
nectors that attach thereto. External connectors are connected 
to the module to establish communication through the mod 
ule between remote devices. Considerable simpli?cation and 
cost reduction for splitter modules could be realiZed if an 
external multi-?ber connector could be directly connected to 
the planar splitter chip rather than using separate connectors. 
Likewise, considerable simpli?cation and cost reduction (and 
cost predictability) for splitter modules could be realiZed if a 
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2 
compact splitter module could be constructed that serves as 
both as device and module without the usual distinction 
between the two. 

SUMMARY OF THE INVENTION 

One aspect of the invention is an attenuated planar splitter 
module for providing optical communication with at least one 
external output device. The splitter module includes a splitter 
chip having a body, an input end, an output end, and a branch 
ing waveguide network associated with the body. The branch 
ing waveguide network includes an input waveguide optically 
coupled to an input connector at the input end. The branching 
waveguide network has jil 50:50 splitters that form up to 
n§2j output waveguides having associated n output ports, 
wherein only m<n of the output ports are suitable for trans 
mitting light to the at least one external output device. The 
splitter module also includes a ?ber array attached to the 
splitter chip output end. The ?ber array is adapted to provide 
optical coupling to the m suitable output ports of the splitter 
chip such that the m suitable output ports have associated 
therewith an attenuation in decibels of AO:10 log(2j). 

Additional features and advantages of the invention will be 
set forth in the detailed description which follows, and in part 
will be readily apparent to those skilled in the art from that 
description or recogniZed by practicing the invention as 
described herein, including the detailed description which 
follows, the claims, as well as the appended drawings. 

It is to be understood that both the foregoing general 
description and the following detailed description present 
embodiments of the invention, and are intended to provide an 
overview or framework for understanding the nature and 
character of the invention as it is claimed. The accompanying 
drawings are included to provide a further understanding of 
the invention, and are incorporated into and constitute a part 
of this speci?cation. The drawings illustrate various embodi 
ments of the invention, and together with the description 
serve to explain the principles and operations of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is generaliZed schematic diagram of a splitter mod 
ule system that includes the splitter module of the present 
invention optically coupled to an input device and at least one 
output device; 

FIG. 2 is a plan schematic diagram of an example embodi 
ment of an attenuated planer splitter module according to the 
present invention as connected to input and output devices, 
wherein at least one of the waveguides in the branching 
waveguide array has an associated termination so that the 
light from the input device and carried therein is not commu 
nicated to the external device; 

FIG. 3 is a plan schematic diagram of an example of an 
attenuated planar splitter module similar to that of FIG. 2, 
wherein the module is used as a 1x4 splitter module having 
the attenuation of a 1x32 splitter module; 

FIG. 4 is a plan schematic diagram of an embodiment of a 
1x8 attenuated planer splitter module having a branching 
waveguide network that includes two non-branching 
waveguides whose energy is outputted at their respect output 
ports and is dissipated by the output waveguide device, 
thereby providing the 1x8 splitter module with the attenua 
tion of a 1x32 splitter module; 

FIG. 5 is a plan schematic diagram of an example embodi 
ment of the 1x8 attenuated planer splitter module similar to 
that of FIG. 4, wherein the two branch waveguides are termi 
nated prior to reaching the splitter chip end; 
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FIG. 6 is a plan cut-aWay vieW of an example embodiment 
of a direct-connect splitter module according to the present 
invention; 

FIG. 7 is an end-on vieW of the multi-?ber output end of the 
direct-connect splitter module of FIG. 6; 

FIG. 8 is a plan cut-aWay vieW of the ferrule body used in 
the direct-connect splitter module of FIG. 6; 

FIG. 9 is an end-on vieW of the single-?ber input end of the 
direct-connect splitter module of FIG. 6; 

FIG. 10 is a plan cut-aWay vieW similar to that of FIG. 6 but 
showing an outer housing formed to have features associated 
With an MTP-type connector; 

FIG. 11 is an end-on vieW similar to that of FIG. 7, but 
showing the outer housing; 

FIG. 12 is a perspective end-on vieW of the output end of 
the direct-connect splitter module having the form an MTP 
type connector, shoWn along With a MTP-type mating con 
nector that establishes optical communication With an exter 
nal device; 

FIG. 13 is a schematic side cut-aWay vieW of an example 
embodiment of a micro splitter module according to the 
present invention; 

FIG. 14 is a perspective vieW of an example embodiment of 
a microsplitter module according to the present invention 
Wherein the housing is formed so that the module is compat 
ible With an MTP-type connector; 

FIG. 15 is a side cut-aWay vieW similar to FIG. 13 that 
illustrates another example embodiment of microsplitter 
module that includes a ?ber array arranged betWeen the split 
ter chip and the ferrule, and also including a ?ber pigtail at the 
input end; and 

FIG. 16 is a side cut-aWay vieW similar to FIG. 13, illus 
trating another example embodiment of a microsplitter mod 
ule Wherein the ?ber array is replaced by a direct ?ber bond 
ing unit. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a generaliZed example embodiment of a 
splitter module system 8 that includes a splitter module 10 
according to the present invention. Splitter module 10 is 
connected to an external input device 12 via an input optical 
?ber 56 and to one or more external output devices 14 via 
corresponding output optical ?bers 78. Both external input 
device 12 and external output device 14 can be capable of 
transmitting and receiving signals and communicating With 
each other via module 1 0 in both directions, but are referred to 
as input and output devices for the sake of simplicity and 
establishing an orientation in the Figures. 

The present invention is directed to various types of splitter 
modules 10 that provide enhanced performance as Well as 
other advantages. Example embodiments of the various types 
of optical splitter modules are described in detail beloW. 

Attenuated Planar Splitter Module 
FIG. 2 is a schematic plan vieW of an attenuated planar 

splitter module 10 according to the present invention shoWn 
connected to external input device 12 and one external output 
devices 14 (one such external output device is shoWn by Way 
of illustration), such as shoWn in FIG. 1. 
Module 10 includes a splitter chip 20 having a body 22, an 

upper surface 24, an input end 26 and an output end 28. 
Formed in or on body 22 (i.e., on or beloW surface 24) is a 
branching Waveguide netWork 30. Branching Waveguide net 
Work 30 starts out as a single input Waveguide 32 With an 
input end (port) 33 at input end 26 and splits j times at various 
50:50 splitters 36 to ultimately form n:2j output Waveguides 
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4 
40 each having an output end (port) 41 at output end 28. Note 
that branching Waveguide netWork 30 can have one or more 
input Waveguides 32; one such Waveguide is shoWn for ease 
of illustration. 

For the example splitter chip 20 of FIG. 2, j:5, so that the 
number n of output Waveguides 40 is 25:32. The output 
poWer associated With each output port 41 is l/n as compared 
to the poWer inputted at input port 33, so that for n:32, the 
output poWer at each port is 1/32. In the convention of optical 
?ber telecommunications, the attenuation is expressed in 
decibels (dB). Thus, the attenuation A0 associated With each 
of the n output ports 41 (for the case Where n:2j) is given by 
Ao:—l0 log(PHV/POUT), Which for PIN normalized to l and 
n:2 is given by Ao(n):— l 0 log(l/n):l0 log(n). Thus, for n:2, 
AO(2):3 dB; for n:4, AO(4):6 db; for n:8, Ao(8):is 9 dB; 
for n:l6, Ao(l6):l2 dB, etc. 
Module 10 includes an input ferrule 50 operably connected 

to input port 33 of input Waveguide 32. Input ferrule 50 alloWs 
an input optical ?ber 56 to be optically coupled to input 
Waveguide 32. Connecting input optical ?ber 56 to external 
input device 12 alloWs the input device to be in optical com 
munication With one or more external output device 14 via 
module 10. 
Module 10 also includes a ?ber array 60 having a body 61, 

and input end 62 and an output end 64. Fiber array 60 includes 
a plurality of optical ?ber sections 74, supported by substrate 
body 61 (e.g., via v-grooves formed therein). Fiber array 60 is 
arranged With its input end 62 ?xed to splitter chip output end 
28 so that optical ?ber sections 74 align With output ports 41. 
This provides optical coupling betWeen optical ?ber sections 
74 and output Waveguides 40 of splitter chip 20. Fiber array 
60 thus alloWs corresponding one or more output optical 
?bers 78 to be placed in optical communication With their 
respective output Waveguides 40 of splitter chip 20, thereby 
providing optical communication betWeen external input 
device 12 and one or more external output devices 14. 

It often happens that a l><n splitter chip 20 has one or more 
output ports 41 that do not meet speci?cation and are there 
fore unsuitable for use. This can occur due to, for example 
manufacturing errors in branching Waveguide netWork 30 or 
because of problems in the output ports themselves. Such 
errors lead to, for example, broken or otherWise defective 
Waveguides that do not meet the required transmission-re 
lated speci?cations. Splitter chips that do not meet speci?ca 
tion for all n output ports are considered to have little if any 
value and are typically scrapped. Given that the typical yield 
in splitter chip production is about 60%, this leaves 40% of 
product being scrapped. 

HoWever, Where there are at least “m” good (i.e., suitable) 
ports 41 remaining on the l><n splitter chip 20 that can be used 
for communicating With external device 14, the present 
invention exploits these m remaining suitable ports and uti 
liZes the otherWise “damaged” splitter chip as a l><m splitter, 
With each output port having the attenuation of a l><n splitter. 
If necessary, the unsuitable and therefore unused (n-m) out 
put ports 41 are terminated (e.g., using terminations 88, dis 
cussed beloW) in a manner that prevents any light that could 
be emitted by these ports from being transmitted to an exter 
nal device. For example, the corresponding optical ?ber sec 
tion 74 in ?ber array 60 is terminated, e.g., by alloWing the 
light associated thereWith to dissipate either in substrate body 
12 or the material making up ?ber array body 61 (e.g., potting 
compound or glass). In an example embodiment, light asso 
ciated With an unsuitable output port 41 can be dissipated by 
alloWing it to exit the output port and be transmitted into free 
space. In another example embodiment, such light is dissi 
pated by a termination 88 in the form of a short section of 














